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ABSTRACT 

Background: Trematodes belonging to the genus Schistosoma cause schistosomiasis. The relationship 
between schistosomes and their intermediate hosts varies among snails. This study investigated the 
effects of S. japonicum on its snail host, Oncomelania hupensis, and cercarial release rythmicity of S. 
japonicum and the effects of light on it. 

Methods: : Seven groups of 0. hupensis (n = 40 each) were exposed individually to 0 (control), 2, 4, 6, 
10, 15, and 20 S. japonicum miracidia. Mortality of the snails was recorded for 10 weeks. Snails in each 
group were checked for infection at seven weeks post-exposure. Positive snails were exposed to arti- 
ficial light from 06:00 am - 18:00 pm and the liberated cercariae were collected every 2 hours to de- 
termine the rhythmicity of cercarial release. Three groups of positive snails (n = 6 each) were ex- 
posed to artificial light, daylight, and darkness from 06:00 am - 18:00 pm, the liberated cercariae 
were collected every 2 hours to determine the effects of light. 

Results: The highest infection rate and host mortality occurred among snails in the groups exposed 
to 15 and 20 miracidia. Cercariae were liberated after eight weeks of exposure of O. hupensis to S. 
japonicum. The circarial emerging pattern was circadian, with a single peak of emerging between 10:00 
am and 12:00 pm. Light intensity had a positive influence on cercariae shedding and rhythmicity. 
Conclusion: Further research, including the influence of biotic and abiotic factors is deemed neces- 
sary to fine-tune elucidation of the effects of S. japonicum upon O. hupensis snail. 

Keywords: Oncomelania hupensis, Schistosoma japonicum, Miracidia effect, Cercariae rhythm 
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Introduction 

Schistosomiasis is one of the major commu- 
nicable diseases of public health im- 
portance in tropical and subtropical regions 
of developing countries (1, 2). Schistosomes of 
the genus Schistosoma are the causative agents of 
the disease and are transmitted to the mammali- 
an definitive hosts by freshwater gastropod 
(Gastropoda) snails, e.g., the amphibious snail, 
Oncomelania hupensis which transmits Schistosoma 
japonicum, as well as the truly aquatic snails, such 
as Biomphalaria sp. and Bulinus sp., which transmit 
S. mansoni and S. haematobium, respectively, to 
humans (3). Schistosomes use these snails as first 
intermediate hosts, where several larval stages 
generally develop within the snails, including 
sporocysts, mother sporocysts and cercariae (4, 

Trematode infections have a negative effect on 
snails e.g., mechanical cell damage inflicted due to 
migration of the larval stages of trematodes, con- 
sumption of the digested food materials, secre- 
tion of toxic substances by the parasite, and the 
host reproductive success limitation (6, 7); these 
negative effects may vary from one snail host to 
another. 

Production of cercariae varies widely among dif- 
ferent human schistosome parasites, and is re- 
lated to the size of the intermediate host to some 
degree (8), and the host-parasite compatibility, 
i.e., high level of susceptibility of the snail results 
in high cercarial productivity (9). The rate of 
cercarial production is generally not proportional 
to the miracidial dose received by the snails, alt- 
hough in some host-parasite combinations, 
productivity of polymiracidial infections is shown 
to be higher than that of monomiracidial infec- 
tion and vice versa (4, 10). Each sch-istosome 
cercaria species has a unique daily rhythm of 
leaving the intermediate -hosts; these rhythms are 
either circadian (i.e., one emergence peak/24 h), 
or more, but rarely ultradian or bimodal (i.e., two 
emission peaks/24 h). Photoperiod and thermo- 
period are the most important factors affecting 
shedding patterns of cercariae; among these, light 
is the principal stimulus that causes emergence of 



both S. haematobium and S. mansoni cercariae, thus, 
shedding of cercariae may take place at water 
temperatures between 10 to 30 °C, or even higher 

In the present study, effects of S. japonicum mira- 
cidia infection at different treatment rates upon 
the host snail, O. hupensis, were investigated, and 
the cercarial shedding patterns as well as the ef- 
fects of light on cercarial shedding patterns were 
studied. 

Materials and Methods 

Field collection of O. hupensis and har- 
vesting of miracidia 

Oncomelania hupensis were collected in May 2011, 
from the western part of the Dongting Lake, 
Hunan Province, China, and were transported to 
the Parasitology Research Laboratory, School of 
Life Science, Xiamen University. The collected 
snails were screened individually three times at an 
interval of seven days for any patent infection. 
Non-infected snails were separated and were 
maintained in the laboratory (photoperiod: 12h 
light/12h dark; room temperature: 25 ± 1°C) in 
30 x 20 x 5 cm containers that were paved with 
wetted filter papers. These laboratory-maintained 
snails were fed every three days on wheat flour 
mixed with water. Schistosoma japonicum eggs were 
obtained by homogenizing (using a blender) la- 
boratory- infected livers of white mice in 0.9% 
normal saline solution. The mixture was passed 
through a series of four stainless steel sieves with 
decreasing pore size of 300, 150, 100, and 40 um 
The column was washed repeatedly with normal 
saline and the trapped S. japonicum eggs on the 
surface of the finest pore sieve were transferred 
with a Pasteur pipette to Petri-dishes containing 
clear de-chlorinated tap water, and placed under 
a fluorescent light for 2 to3 hours to stimulate 
hatching of miracidia. 

Experimental design 

The laboratory maintained healthy O hupensis 
(shell length 6 to 8 mm) were divided into seven 
groups with each group containing 40 individuals 



Available at: http://ijpa.tums.ac.ir 



213 



Iranian J Parasitol: Vol. 8, No.2, Apr-Jun 2013, pp.212-218 



used in this study. Snails in each group were in- 
dividually placed into a tissue culture plate cham- 
ber containing 2 ml of clear de-chlorinated tap 
water just sufficient to cover the snail. Snails in 
groups 1, 2, 3, 4, 5, 6, and 7 were exposed indi- 
vidually to 0 (control), 2, 4, 6, 10, 15, and 20 ac- 
tive S. japonicum miracidia, respectively, using a 
dissecting microscope, and a Pasteur pipette for 
picking the emerged miracidia from Petri-dishes. 
After the exposure, the plates were covered and 
were left overnight under laboratory light and 
temperature conditions to facilitate miracidia 
penetration. The following day, snails in each 
group were placed into 30 x 20 x 5 cm separate 
containers (one for each group) paved with wet- 
ted filter papers and kept under laboratory condi- 
tions. These snails were fed every three days on 
wheat flour mixed with water. Mortality of snails 
in each group was recorded every week. Screen- 
ing for infected snails was started at the end of 
the seven week post-exposure to the miracadia. 
Dead snails were crushed immediately and were 
examined for infection and collected data were 
tabulated. 

Cercariae shedding rhythm 

By the end of 11 weeks post-exposure, 18 pos- 
itive (laboratory-infected) and three naturally- 
infected snails were collected. These snails 
were individually placed into a tissue culture 
plate chamber containing clear de-chlorinated 
tap water to its half depth and then covered 
and left under fluorescent light from 06:00 am 
to 18:00 pm. Snails were transferred to new 
chambers at every 2-hour interval. The har- 
vested cercariae every 2-hour from each snail 
were killed by adding a few drops of Lugol's 
iodine solution and the settled cercariae were 
counted under a dissecting microscope. The 
experiment was repeated three times at an in- 
terval of five days. 

Effects of illumination on shedding of 
cercariae 

Three groups (n = 6 per group) of positive 
snails were used in this experiment. These 
snails were placed individually into a tissue cul- 
ture plate chamber containing 2 ml of clear de- 



chlorinated tap water, covered, and were 
placed over a holder into a water-bath, with 
the upper part of the plates slightly above the 
water surface. The water temperature in the 
water-bath was maintained at 29 ± 1°C. Group 
1 snails were placed under normal daylight 
(near a window); group 2 was placed under a 
10-watt electric lamp at a distance of 50 cm 
from the light source, and group 3 was placed 
in a dark room. Exposed snails were trans- 
ferred into new plate chambers after every 2- 
hours, from 06:00 am to 18:00 pm. Number of 
cercariae emerging from snails in each group 
was counted. The experiment was repeated 
three times at an interval of five days. 

Data analysis 

Paired comparisons were performed using a 
student's /-test, while multiple comparisons 
were analyzed using One-way ANOVA. An 
SPSS 16.0 statistical package (12) was used for 
the statistical analysis. 

Results 

Out of 240 O. hupensis that were exposed to 
different treatment rates of S. japonicum miraci- 
dia, 190 (79.2%) remained alive by the end of 
seven weeks post-exposure, compared to 
38/40 (95%) in the unexposed control group. 
At the termination of experiment at 10 weeks 
post-exposure, out of 240 exposed snails, 114 
(47.5%) remained alive compared to 36/40 
(90%) in the control group. Difference in mor- 
tality values between the exposed groups and 
control group of experimental snails was statis- 
tically significant (P < 0.05). 
Highest rates of mortality of the snails, 72.5% 
and 77.5 % as a total were recorded at the end 
of 1 0 weeks post-exposure among snail groups 
that were exposed to the treatment rates of 1 5 
and 20 miracidia, respectively (Fig. 1). The 
mortality difference between the exposed 
groups of snails was statistically significant (P 
< 0.05). 
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1st 2nd 3rd 4th 5th 6th 7th 
Time (Week) 



8th 9th 10th 



Fig. 1: Post-exposure mortality among seven 
groups of Oncomelania hupensis snails exposed to 
different treatment rates of S. japonicum miracidia 
for 1 0 weeks 



All O. hupensis snail groups that were exposed 
to a different treatment rate of S. japonicum mi- 
racidia were found free from infection at the 
end of seven weeks post-exposure, with a few 
snails found to acquire infection at the end of 
eight weeks post-exposure, i.e., 5% and 10% 
from groups 5 and 7 that were exposed to 10 
and 20 miracidia, respectively. In subsequent 
two weeks, the infection rate among snails in 
groups 2 to 6, increased gradually with the in- 
creasing treatment rate of miracidia (Fig. 2). 
The emergence of S. japonicum cercariae from 
laboratory as well as naturally infected O. hupen- 
sis was found to follow a circadian pattern. 
Cercariae were noted to start emerging from O. 
hupensis two hours after the onset of the exper- 
iment at 06:00 am and achieved a single peak 
of emergence between the hours of 10:00 am 
tol2:00 pm, declining gradually thereafter to 
minimum emergence at 18:00 pm (Fig .3). The 
differences in the amplitude of emission 
rhythms of cercaria from the host during the 
monitored intervals were statistically significant 
(P < 0.05). 




1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 
Time (Week) 

Fig. 2: Post-exposure infection of Schistosoma 
japonicum among seven groups of Oncomelania hupen- 
sis snails exposed for 10 weeks to different treat- 
ment rates of S. japonicum miracidia 
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Fig. 3: Pattern of Schistosoma japonicum cercariae 
liberation at 2-hour interval from laboratory-in- 
fected and naturally-infected Oncomelania hupensis 
snail, exposed to artificial light from 06:00 am to 
18:00 pm 

The infected O. hupensis snails that were kept 
from 06:00 am to 18:00 pm under artificial light 
and room temperature of 29 + 1°C were found 
to shed cercariae after 2 hours of the onset of 
experiment, with a continuous increase in shred- 
ding of cercariae, reaching a peak within a period 
of six hours and thereafter gradually declining in 
numbers until no shredding by 18:00 pm. Simi- 
larly, in another group of infected snails kept un- 
der normal daylight, the cercariae shedding pat- 
tern was similar to the first group, but the num- 
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ber of emerged cercariae was relatively low. On 
the other hand, when infected snails were kept 
under total darkness; shedding of cercariae was 
observed to start after nearly 4 hours of onset of 
the experiment, and very low numbers of 
cercariae emerged, without having any clear pat- 
tern of emergence (Fig. 4). The effect of light on 
the cercarial shedding patterns occurring be- 
tween artificial light and normal daylight was sta- 
tistically significant (P < 0.05). 



300 



250 



200 



Strong artificial light 
Normal daylight 
Darkness 




06 - 08. 



08-10. 10-12. 12-14. 14-16. 16-18. 
Time interval (Hour) 



Fig. 4: Mean number of Schistosoma japonicum 
cercariae liberated at an interval of 2 hours from 
three groups of laboratory-infected Oncomelania 
hupensis snails exposed to artificial light, normal 
daylight, and darkness from 06:00 am to 18:00 pm 

Discussion 

In-depth knowledge of the effects of S japonicum 
miracidia infection upon snail hosts and the pro- 
duction dynamics of cercariae is crucial for un- 
derstanding the schistosomes' transmission strat- 
egies. The present study revealed that rates of 
survival of O. hupensis infected with S. japonicum 
were lower than the uninfected ones, and the 
highest levels of O. hupensis infection and mortak- 
ty were observed among snails that were exposed 
to a high treatment rate of S. japonicum rruracidia. 
High mortakty among these snails may have 
been due to the high parasite load, the parasite's 
developmental activity and its location within the 
host. It has been known that the digenean flukes 
are important in terms of regulating populations 
of the host snails (13, 14) by increasing mortakty 
of the infected host snails, especially under highly 



variable environmental conditions (15-17). The 
present research investigation revealed that O. 
hupensis exposed to 10 miracidia per snail sur- 
vived longer and produced a reasonable number 
of cercariae. It was also observed that at 10 
weeks post-exposure, production of cercariae 
was rather high among the different groups of 
exposed snails, unlike the observation at eight 
weeks post-exposure when very few snails were 
found to shed out cercariae. Such information is 
of practical significance in maintaining colonies 
of infected O. hupensis in the laboratory for pro- 
duction of cercariae or for other research pur- 
poses. The results of this study also showed that 
the rate of infection of O. hupensis increased with 
increased number of introduced miracidia. These 
results are in agreement with the findings of 
Ahmed (18), but contrary to the findings of 
Brooks (19), who reported that when the snail 
host was exposed to a large number of miracidia, 
only a very few developed into sporocysts. 
The present study showed that the kberation pat- 
tern of S. japonicum cercaria from O. hupemsis 
(both naturally-infected collected from Dongting 
Lake, Hunan Province, and laboratory-infected) 
was of a circadian type. The cercariae started 
emerging around 07:00 am or one hour after the 
onset of kght in the laboratory, reaching a single 
peak between 10:00 am and 12:00 pm, and 
thereafter declining gradually to a minimum at 
around 18:00 pm. A previous study from Main- 
land China reporting on emergence of S. 
japonicum cercariae, showed a diurnal pattern that 
could occur during the periods of the high kght 
intensity, with peak of emergence occurring be- 
tween 14:00 pm and 17:00 pm (20). Elsewhere, 
in the Philippines, it was reported that the maxi- 
mum emergence of S. japonicum cercariae from 
Oncomelania hupensis quadrasi occurred during 
18:00 pm to 20:00 pm (21). Numerous previous 
reports have documented that the cercarial 
emergence coincides with the time when the host 
snails located downstream are more kkely to be 
in the water (18, 22, 23). The cercariae of S. 
mansoni tend to emerge around noon time when 
humans are most likely to be in the water. The 
cercaria of S. margrebowiei has two emergence 
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peaks (dawn and dusk) and these peaks coincide 
with the visit of their vertebrate hosts (antelopes 
and waterbucks) to the water (24); whereas the 
emergence of cercariae of S. rodhaini is nocturnal, 
coinciding with the visit of their vertebrate noc- 
turnal host (rodents) to the water (25). The phe- 
nomenon of cercarial shedding from snail host 
may vary from one species to another due to the 
genetical and geographical variations (26). How- 
ever, precise information concerning the time of 
peak emergence of cercariae from the snail 
host(s) should be helpful for the vertebrate hosts 
(particularly humans) in terms of avoiding con- 
tact with water bodies in schistosomiasis endem- 
ic areas, and thus reducing the risk of infection. 
The present study showed that light as an envi- 
ronmental factor has a positive relationship with 
shedding of cercariae and rhythmicity of shed- 
ding. For example, light from an electric lamp 
(10 watt) had a quick impact in stimulating libera- 
tion of cercariae in relatively large numbers at 2 
hours post-exposure to the light, compared to 
shedding of cercariae under normal daylight. In 
darkness, very few cercariae were released and 
did not exhibit any rhythmic pattern; however, it 
has been reported that cercariae can be shed in 
small numbers in the dark, but periodic peaks of 
the output apparently occur because of intrinsic 
rhythms (27). It has also been previously re- 
ported that the cercariae of O. viverrini cannot be 
shed in the dark (28). There are a number of en- 
vironmental factors that may influence emer- 
gence of cercariae from the intermediate hosts, 
such as, photoperiod, thermo period, pH, dis- 
solved oxygen content of the medium, nutrition- 
al conditions, and physiological state of the host; 
among these light has been thought to act by 
increasing the snail's body temperature, which 
probably results in cercarial release (29), as many 
trematode species cercariae display increased 
emergence in response to increased water tem- 
perature (30, 31). 

Conclusion 

In order to clearly understand the parasitic 
transmission, further research on the subject is 
deemed necessary, including biotic and abiotic 



factors that may contribute in determining the 
effects of S. japonicum or other trematode larvae 
upon O. hupensis. 
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